The pancreas is a key organ involved in digestion and endocrine functions in the body. The major diseases of the pancreas include pancreatitis, pancreatic cancer, cystic diseases, pancreatic divisum, islet cell tumors, endocrine tumors, diabetes mellitus, and pancreatic pain induced by these diseases. While various therapeutic methodologies have been established to date, however, the improvement of conventional treatments and establishment of novel therapies are essential to improve the efficacy. For example, conventional therapeutic options, including chemotherapy, are not effective against pancreatic cancer, and despite improvements in the last decade, the mortality rate has not declined and is estimated to become the second cause of cancer-related deaths by 2030. Therefore, continuous efforts focus on the development of novel therapeutic options. In this review, we will summarize the progress toward the development of gene therapies for pancreatic diseases, with an emphasis on recent preclinical studies and clinical trials. We aim to identify new areas for improvement of the current methodologies and new strategies that will lead to safe and effective gene therapeutic approaches in pancreatic diseases.
Introduction
The pancreas is a key organ involved in digestion and endocrine functions, located in the retroperitoneal space, and measures approximately 15-20 cm in length. The pancreatic duct, that runs along the organ, connects to the duodenum. One major function of the pancreas is digestion of proteins, fats, and carbohydrates by enzymes released through the duct. A second important role of the pancreas is endocrine activity mediated by several hormones, such as insulin, released from the pancreatic glands to the blood circulation, which help maintain the homeostasis in the body. Major diseases of the pancreas include pancreatitis, pancreatic cancer, cystic diseases, pancreatic divisum, islet cell tumors, endocrine tumors, and diabetes mellitus [1] .
Among the pathologies involving the pancreas, pancreatic cancer is one of the leading causes of the cancer-related deaths globally and currently is the fourth cause of cancer-related mortalities in the United States [2] . Pancreatic ductal adenocarcinoma, the most common histological type, has a poor prognosis and aggressive growth pattern [3] . Although poor glycemic control and weight loss in patients with long-standing diabetes were proposed as useful markers for pancreatic cancer [4] , there are currently no markers or strategies that can detect the tumor in the early phase. In addition, although depletion of adipose and skeletal muscle tissues in the early stages of cancer is common, recent evidence suggests that early loss of peripheral tissue in association with pancreatic cancer may not impair survival [5] ; therefore, a better understanding of the mechanism underlying the progression of this aggressive cancer is essential. Recent epidemiological studies clearly show that the mortality rate of pancreatic cancer is not declining, and pancreatic cancer is estimated to become the second cause of cancer-related deaths by 2030 [6] . Therefore, significant effort is spent on the development of novel therapeutic options for this devastating disease.
Although several novel chemotherapeutic compounds, including nab-paclitaxel and liposomal irinotecan, and chemotherapy regimens, such as FOLFIRINOX, have been successfully tested in clinical trials as conventional treatment options [7] , the prognosis remains poor [8] . To improve the prognosis of pancreatic cancer, the number of basic researches and clinical trials are increasing [7] . In addition, the comprehensive precision medicine tools for therapeutic options that have been implemented in both the community and academic areas [9] have led to better progression-free survival rates in patients receiving matched therapy.
In a disease where novel therapeutic innovations are sorely needed, combining novel therapies, including gene and cell therapy approaches, with the currently available cytotoxic chemotherapeutic drugs and radiation therapy, provides hope for better outcomes in patients with advanced-stage pancreatic cancer. Among such potentially innovative treatment approaches, gene therapy offers a promising avenue based on the results of several completed and ongoing clinical trials. The summaries of these studies are shown in Tables 1 and 2 .
Preclinical studies have led to a better understanding of pancreatic cancer, as well as potential therapeutic target genes, including tumor suppressor genes, antiangiogenic and pro-apoptotic genes, and suicide genes [10] . A study including 3030 patients with pancreatic cancer showed significant associations with germline mutations in CDKN2A, TP53, MLH1, BRCA2, ATM, and BRCA1 and the risk of the cancer occurrence [11] . Similar results have been reported in studies focusing on the role of KRAS gene in tumor development [12] , and research on inactivation of the DNA maintenance genes, including BRCA1, BRCA2, and PALB2, demonstrated that patients with pancreatic cancer with defective DNA maintenance genes responded better to platinum-based chemotherapy [13] . In addition, preclinical studies led to the identification of potential therapeutic target genes. For example, downregulation of the microRNA, miR-98-5p promoted pancreatic tumor development by downregulation of MAP4K4 and inhibition of the downstream MAPK/ERK signaling, suggesting that the miR-98-5p can be a therapeutic target in pancreatic cancer treatment [14] . Similarly, spalt-like protein 4 induced endothelial-mesenchymal transitions to facilitate metastatic potential in pancreatic ductal adenocarcinoma (PDAC) cells, indicating that spalt-like protein 4 might be a marker for PDAC treatment and that targeting this protein might benefit anti-proliferative and anti-metastasis therapies [15] . A study demonstrated that the knockout of epithelial cell transforming 2 gene by the clustered regularly interspaced short palindromic repeats/CRISPR associated protein 9 (CRISPR/Cas9) gene editing method decreased proliferation and ability to migrate in the MiaPaCa2 pancreatic cancer cell line [16] . Furthermore, three intratumoral infiltrating immune markers (CD15, CD206 and CD117) and one SMAD4 mutation were found to be associated with recurrence and survival in patients after surgery for PDAC [17] and G protein alpha-driven oncogenic mechanisms, Siks revealed unanticipated metabolic heterogeneity among KRAS-mutant pancreatic neoplasms and evidenced to be a potent tumor suppressor [18] . Other preclinical studies, however, demonstrated the relationship of chemotherapy and gene expression [48] . A study showing gemcitabine-mediated tumor regression and p53-dependent gene expression increased the possibility that targeting the Bax-dependent cell death pathway, rather than the PUMA pathway, might result in significantly improved patient outcomes and prognosis in pancreatic cancer [49] . Intravenous administration of Rexin-G TM , a nonreplicative pathology-targeted retroviral vector bearing a cytocidal cyclin G1 construct, exhibited a good safety and efficacy profile in a phase I/II trial of gemcitabine-resistant pancreatic cancer [30] . Intratumoral administration of CYL-02, a nonviral gene therapy product, using endoscopic ultrasound was found to be safe in a phase I trial including 22 patients who were concomitantly treated with gemcitabine [44] . Conversely, RNAi therapy targeting KRAS in combination with chemotherapy showed efficacy in treating locally advanced pancreatic cancer patients [40] , whereas the G-protein-coupled receptor family C, member 5, group A gene was upregulated in PaCa cells, which led to enhanced drug resistance in PaCa cells [50] . These data can aid in the implementation of personalized therapy for improved outcomes in patients with pancreatic cancer. In addition to pancreatic malignancies, ongoing studies are aimed to establish effective gene therapies for pancreatitis, pancreatic pain, and diabetes mellitus. Based on the several completed (Table 1 ) and ongoing clinical trials (Table 2) , gene therapy offers a promising avenue as a safe and efficient approach [51] .
Various techniques used for gene therapy, including synthetic and viral vectors, molecular tools, such as interference RNA, and genome editing methods, showed promising results in filling the gap between experimental models of cancer and clinical trials [10, 52] , therefore in this review, the methods of gene delivery into the pancreas used in studies are also summarized (Table 3 ). This review summarizes the current landscape of completed and ongoing studies on these diseases for both the physicians and the researchers. 
Pancreatic Cancer
The latest developments in pancreatic carcinoma gene therapy include gene-based tumor cell sensitization to chemotherapy, vaccination, and adoptive immunotherapy (chimeric antigen receptor T-cell [CAR-T] therapy). Furthermore, oncolytic virus therapies, including oncolytic adenoviruses, herpes virus, parvovirus, and reovirus are currently in development [10] .
Preclinical studies showed promising results in the efficacy of gene therapy. For example, the Lister strain of vaccinia virus armed with the endostatin-angiostatin fusion gene exhibited therapeutic efficacy for potential pancreatic cancer [53] , whereas the inhibition of miR-21 led to the inhibition of pancreatic cancer tumor growth both in vitro and in vivo [54] . Additionally, introduction of decoy hyper-binding sites to sequester and suppress the entry of oncogenic HMGA1 into the nucleus of pancreatic cancer cells by replication-defective adenovirus serotype 5 virus achieved inhibition of cancer cell growth [55] .
Virus vectors used in these gene therapy studies include adeno-associated virus (AAV) vectors with capsids that are modified and optimized by site-directed mutagenesis to improve the transduction efficiency in the pancreatic tissue, especially in pancreatic cancer cells [56] . Studies using oncolytic virus vectors utilize hexon modification to improve the activity of the oncolytic adenovirus vectors targeting the TGFBR to enable replication in tumor stromal cells as well [57] . Targeted herpes simplex virus (HSV)-1 (HSV-1) whose expression is regulated by the cellular B-myb promoter in an experimental model of pancreatic tumor resulted in an effective reduction in tumor growth [58] . However, in a phase II clinical trial, the progression-free survival rate was not improved in patients with metastatic pancreatic cancer who were treated with chemotherapy in combination with the oncolytic virus pelareorep, which causes oncolysis in pancreatic cells by activating Ras [42] . On the other hand, oncosuppressive parvovirus H1 increased sensitivity to chemotherapy and inhibited the activation of the NFκB and the Akt/PI3K pathways in patients with pancreatic peritoneal carcinomatosis [59] .
Recent advances in the safety and efficacy of the CRISPR/Cas9 genome editing method [60] led to several studies that investigated its utility in pancreatic cancer. For example, retrograde pancreatic ductal injection of adenoviral-Cre and lentiviral-Cre vectors were utilized to develop in vivo models of pancreatic cancer [61] ; this technique can significantly contribute to the establishment of novel therapies for pancreatic cancer.
Additional strategies utilizing gene targeting methods include cell therapies, such as T-cell programming [62] , immunotherapy, and CAR-T [63, 64] ; induction of T-cell immunity to cancer antigens, such as mesothelin by GVAX pancreas; and granulocyte-macrophage colony-stimulating factor-secreting allogeneic pancreatic tumor cells for pancreatic cancer patients with metastatic lesions [41] .
These studies are likely to change the clinical practice and approaches to PDAC management, as they represent a major advancement not only for PDAC, but also for the broader field of gene-based molecular treatment of cancer.
Pancreatitis
Pancreatitis, inflammation of the pancreas, can be classified into acute and chronic forms. Inflammation can be due to various factors, including alcohol, fatty food, gallstones, high serum calcium concentrations caused by the hyperparathyroidism, abdominal injury, chemotherapeutic agents, and pancreatic neoplasms. The etiological factor activates the pancreatic digestive enzymes in the pancreas itself instead of the small intestine. Abdominal pain, back pain, fever, nausea, and diarrhea are the major symptoms of pancreatitis, which may lead to abscess formation, infection, pseudocysts, multiple organ failure, malnutrition, diabetes mellitus, and pancreatic cancer.
Among the various etiologies, associations of genetic mutations with acute recurrent and chronic pancreatitis in children were reported [65] . And gene therapy was studied in patients with genetic lipoprotein lipase deficiency-induced pancreatitis [66] . Alipogene tiparvovec was tested in 19 patients with lipoprotein lipase deficiency, and the retrospective analysis of follow-up for up to 6 years after a single treatment demonstrated the association of alipogene tiparvovec with lower frequency and severity of pancreatitis events [66] . In addition, the genetic association of recurrent autoimmune pancreatitis with resistance to steroid therapy is currently evaluated with NCT00444444. In this study, high-resolution typing for HLA with sequence-based typing is utilized to determine whether certain alleles or haplotypes of major histocompatibility complex gene are associated with autoimmune pancreatitis. Further analyses and trials will be conducted with the genomic information of this disease entity.
Pancreatic Pain
Abdominal pain is a major symptom associated with pancreatic diseases, and improvement of pain in acute pancreatitis is associated with the resolution of inflammation; however, pain related to pancreatic cancer and chronic pancreatitis persists and recurs and is therefore difficult to manage [67] . The currently available management methods include analgesics, antioxidant micronutrients, drugs interfering with neural transmission, pancreatic enzymes, celiac plexus blockade, and surgery [67] . As the severity of pain is associated with a decrease in quality of life, loss of appetite, and longer and frequent hospitalization and given that the development of various chemotherapeutic options for pancreatic cancer have led to a longer lifespan, it is essential to develop novel therapeutic options to manage pancreatic pain. Recent preclinical studies revealed that several neuroimmune and neuroplastic mechanisms, including infiltration of inflammatory cells, neural edema, perineural disruption, and neural hypertrophy, are involved as the underlying mechanisms of chronic pancreatitis pain [67] . Furthermore, a recent study reported the contribution of the neuronal transforming growth factor beta (TGF-β) signaling mediated via neuronal SMAD3 to the development of pancreatic pain in an animal model [68] .
Based on these findings, a replication-defective herpes viral vector (HSV-1) construct encoding the human preproenkephalin (ENK) gene (HSV-ENK) was tested in a preclinical in vivo study [69, 70] . HSV-ENK was applied directly to the surface of the pancreas in rats with dibutyltin dichloride-induced pancreatitis rats, and their spontaneous behavioral activity was monitored. Compared with the controls, HSV-ENK-treated rats showed significantly increased expression of ENK in the pancreas, improved activity, and normalized FOS staining, indicating reduced neuronal activity [69] . Similar results were shown in rat models of high-fat-and alcohol liquid diet-induced pancreatitis [70] . Importantly, both studies showed the preservation of the acinar cells and amelioration of the inflammation, suggesting that this method might be potentially effective for not only pain control, but also pancreatic function in chronic pancreatitis.
The overexpression of TGF-β in mice and rats was associated with sensory neuron hyperexcitability, SMAD3 activation, and increase in nociception. As chronic pancreatitis leads to pancreatic fibrosis and that the TGF-β signaling pathway was shown to be associated with fibrosis, this signaling pathway can be utilized as a therapeutic target to reduce pain and fibrosis in patients with chronic pancreatitis [68] . Given that the currently available treatment options are not sufficient to manage the severe pancreatic pain, development of new strategies are sorely needed.
Diabetes Mellitus
Diabetes mellitus is characterized by hyperglycemia arising from dysregulation of insulin and categorized into type 1, type 2, and gestational diabetes. The treatment approaches in diabetes depend on the type. Insulin replacement is used to treat patients with type 1 diabetes, which is caused by the impairment of pancreatic beta cells producing insulin. Type 2 diabetes is caused by an insufficient insulin level or hyposensitivity of the cells in the body to insulin, whereas gestational diabetes occurs in females during pregnancy and requires careful management to avoid complications in the child. Since chronic hyperglycemia leads dysfunction in various organs, including the vessels, heart, kidneys, retina, and the nervous system, careful management of blood glucose levels is necessary.
Genetic predisposition to diabetes has been reported in several studies. For example, mutation of neuronal differentiation 1, a basic helix-loop-helix transcription factor involved in the development of pancreas, can be found in patients with neonatal diabetes, as well as those with type 2 diabetes mellitus [71] . Gene therapy approaches currently explored for diabetes mellitus include insulin gene therapy for type 1 diabetes mellitus, in which insulin expression in non-beta cells of the pancreas with hepatocytes emerged as the primary therapeutic target [72] ; fibroblast growth factor 21 (FGF21) gene therapy, which has showed promising results in a mouse model of metabolic disease [73] ; GLP-1 gene therapy, which improved insulin sensitivity and reduced abdominal and hepatic fat associated with obesity-induced diabetes mellitus and altered adipokine profiles [74] ; and in vivo reprogramming of pancreatic ductal cells by intraductal delivery of an adenoviral vector expressing transcription factors essential for beta cell function, which resulted in the induction of beta-like cells and correction of hyperglycemia [75] . The combination of gene and cell therapy has also been reported to induce insulin-producing cells from the hepatocytes of newborn rats. In that study, analysis of miRNA expression the differentiation of hepatocytes to insulin-producing cells was associated with the BMP/Smad signaling pathway rather than the Wnt/β-catenin signaling pathway [76] . More recently, transfection of Sarco-ER Ca 2+ -ATPase 2b gene in adipose mesenchymal stem cells exhibited a significant therapeutic effect in a mouse model of type 1 diabetes [77] . Recent reports also showed the effect of FGF21 gene therapy on a high-fat-diet mouse model where treatment was associated with significant reductions in body weight, adipose tissue hypertrophy, insulin resistance, hepatic steatosis, inflammation, and fibrotic changes [78] . That study used AAV vectors to mediate long-term and sustained protein production using liver-specific promoters, which resulted in sustained levels of circulating FGF21 for up to 1 year. Interestingly, FGF21 overexpression in normal mice fed with standard diet was also associated with the prevention of weight gain and insulin resistance related to aging [78] . These preclinical studies illustrate the promising results of gene therapy for diabetes by targeting the pancreas.
Delivery Methods for Pancreatic Gene Therapy
The various methods for gene delivery used in clinical and preclinical studies of the pancreas can be classified into ex vivo and in vivo methods [79] . Ex vivo gene transfer involves genetic modification of the cells harvested from the patients or experimental animals, which are then reintroduced to the patients or the animals. In vivo gene delivery methods can be further categorized into systemic administration and in situ delivery. The strategies of gene therapy for the pancreas are summarized in Figure 1 .
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The various methods for gene delivery used in clinical and preclinical studies of the pancreas can be classified into ex vivo and in vivo methods [79] . Ex vivo gene transfer involves genetic modification of the cells harvested from the patients or experimental animals, which are then reintroduced to the patients or the animals. In vivo gene delivery methods can be further categorized into systemic administration and in situ delivery. The strategies of gene therapy for the pancreas are summarized in Figure 1 . Viral vectors used in studies thus far include oncoretrovirus, lentivirus, foamy virus, adenovirus, AAV, and HSV (Tables 1 and 2 ). The features of these viral vectors are summarized in Table 3 . Among these, the adenovirus and AAV vectors are commonly used as gene carriers in clinical trials (Tables 1  and 2 ). For example, an ongoing phase III trial (NCT00051467) is assessing whether TNFerade, a replication-deficient adenovirus vector that delivers tumor necrosis factor-alpha to tumor cells and is controlled by a chemoradiation-inducible promoter, in combination with 5-fluorouracil and radiation therapy will enhance their anti-tumor effect as first-line treatment of unresectable locally advanced pancreatic cancer.
For in vivo gene delivery, non-viral vector-based methods, including plasmid DNA injection, have also been utilized to deliver genes into target sites in the pancreas in clinical trials (Tables 1  and 2 ), whereas other non-viral vector-based methods, including chemical compound carriers and physical methods of gene delivery, have been tested in preclinical trials, as described earlier. Among the chemical approaches are cationic lipids, polymers, and chemically modified proteins, whereas simple needle injection, gene gun, electroporation, sonoporation, magnetofection, and hydrodynamic gene delivery are major methods of delivery by physical methods. The features of the gene delivery methods are also summarized in Table 3 . In addition to the currently ongoing clinical trials assessing plasmid gene injection, as well as viral vectors, a study (NCT02514421) is evaluating the efficacy and safety of electrochemotherapy using electroporation for the treatment of pancreatic cancer. Overall, these studies demonstrated the significance of the physical approach in clinical application. Furthermore, image-based guidance is essential for site-specific gene delivery in vivo, especially in the pancreas. Therefore, combination of gene delivery approaches with endoscopic ultrasound has been tested their safe and effective in situ delivery in pancreatic cancer [20, 23, 25, 27, 31, 33, 34, 37] (Tables 1  and 2 ). This technique has been successfully used in a clinic setting to block sympathetic innervation for the management of chronic pancreatic pain, wherein endoscopic ultrasound is used to inject neurolytic solutions to celiac plexus for neurolysis; this technique can be used to deliver genes. In the currently ongoing clinical trials, this technique has been combined with intratumoral injection of viral vectors, plasmids, and immunologically modified cells, among others (Table 3) .
A recent preclinical study by Kamimura et al. reported pancreas-targeted and specific hydrodynamic gene delivery through the superior mesenteric vein into the pancreas and demonstrated its efficacy and safety using naked DNA [80] . Although the insertion of the catheter is essential, this clinically well-stablished physical and organ-specific gene delivery method can be used for both gene therapy studies and the establishment of pancreatic cancer animal models, in which oncogenic genes can be delivered to the pancreas to study various pancreatic tumor types for the development of appropriate therapeutic strategies. Another approach of siRNA delivery is ionizable low-molecular-weight polymeric nanoparticles, which has been demonstrated in nonhuman primates [81] . That study showing endothelial gene silencing in multiple nonhuman primate organs using systemically administered siRNA nanoparticles highlights the potential of this approach for the treatment of disease in humans. Recent report showed that the autophagy is related to pancreatic cancer development and the disruption of the autophagy related gene and reduced autophagy related protein level contributed to inhibit the tumorigenesis. Therefore, the gene therapy managing the autophagy might be the additional option and the nucleic acids to control the gene expression is promising strategy [82] . Further efforts are essential to develop and improve appropriate gene delivery methods for pancreatic diseases.
Clinical Trials
Building on preclinical studies, several clinical trials have been conducted to evaluate gene therapy in pancreatic diseases, especially pancreatic cancer . A summary of these studies can be found in Table 1 . Adenoviruses, plasmids, and synthetic vectors were used to deliver interleukin and suicide genes for therapeutic purposes. These genes were delivered by in situ injection with endoscopic ultrasound, intradermal or subcutaneous vaccination, or oncolytic virus injection. In addition, majority of these trials were coupled with chemotherapy or radiochemotherapy. Only one of these trials was a phase III study, and the remaining studies were phase I or II. The phase III trial was a randomized multi-institutional study conducted to assess the efficacy of TNFerade as a novel gene transfer method to deliver tumor necrosis factor-alpha to tumor cells, in combination with 5-fluorouracil and radiotherapy for locally advanced pancreatic cancer. TNFerade was injected intratumorally before the first fraction of radiotherapy using percutaneous transabdominal or endoscopic ultrasound [37] . Although the anti-tumor effect of TNFerade was not significant, the approach was determined to be safe and confirmed to be usable in combination with the clinically well-established methods.
A summary of the currently ongoing trials can be found in Table 2 [51] . These studies include gene therapy approaches using interleukin 13 and suicide genes; gene vaccination using plasmid DNA; and oncolytic viral gene therapy for pancreatic cancer, metastatic pancreatic cancer, pancreatic neuroendocrine tumor, and pancreatitis. In addition, cell therapies, including CAR-T for adoptive immunotherapy, are being evaluated in clinical trials. This system is considered as an adoptive active immunotherapy and autologous CD8 positive T cells are extracted from the patients and modified ex vivo to recognize and kill the cancer cells expressing the tumor antigen. There are more than 20 clinical trials still recruiting the candidate for the trials and newer trials will start continuously to develop the safe and effective gene therapy for the pancreatic diseases.
In these clinical trials on pancreatic diseases, standard methods of systemic administration and in situ gene transfer by infusion or electroporation, and site-specific administration using endoscopic ultrasound techniques are combined with various chemotherapies, including gemcitabine, cyclophosphamide, fludarabine, capecitabine, cisplatin, nab-paclitaxel, docetaxel, fluorouracil, sunitinib, and everolimus. For example, the clinical trial of NCT01274455 showed the safety of administration of non-viral gene product of CYL-02, which encodes mouse somatostatin receptor subtype 2 and a fusion gene of deoxycytidine kinase and monophosphate kinase, which could sensitize the cancer cells to gemcitabine [44] and the clinical trial of NCT00836407 evaluated the effect of granulocyte-macrophage colony stimulating factor gene-delivered pancreatic tumor cells with the ipilimumab [47] . This macrophage colony stimulating factor cold also been used for the cancer vaccine therapy [46] . Majority of these trials are phase I or II, and further enrollment and assessment of the safety and efficacy is essential. However, pancreas-specific gene targeting can be achieved with the development of delivery methods, vectors, and clinical techniques. In addition, genome information-based precision medicine with mutation-targeted therapy is being tested in a phase II trial on advanced low-or intermediate-grade neuroendocrine tumors of the pancreas (NCT02315625).
Conclusions and Future Directions
Pancreas is a key organ for digestion and endocrine function. Among the diseases affecting the pancreas, pancreatic cancer is a leading cause of cancer-related deaths worldwide. With the development of studies on gene therapy, various clinical trials are ongoing and showing the promising results, as well as in the basic preclinical researches for the gene delivery. With recent advances in promising technologies, such as the generation of induced pluripotent stem cells and gene editing by CRISPR/Cas9, development of delivery systems, carriers, and methods is essential. The findings of these studies and new methodologies that are developed for gene therapy can also be useful for currently untreatable pancreatic diseases and further studies to combine these methodologies will encourage new endeavor for the novel therapeutic options. For example, as in vivo gene editing based on CRISPR/Cas9, short-term transgene expression may be preferred, in order to prevent off-target effects, therefore, transient gene expression mediated by non-viral vector-based delivery methods might be advantageous over gene editing. While further investigation is needed to improve efficacy, with the advanced gene delivery methods armed with personal genomic information, these methods can be tailored to each patient based on specific biomarkers, which should ultimately improve prognosis and extend the life expectancy of the patients with pancreatic diseases. 
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